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Tho  mechanism  was  studiod  of  the  origin  of  dynamic 
inactivation  irre-jularities  of  tho  viruses  of  the 
Venezuelan  Equine  Encephalitis  (VS3),  Sindbis  aqd 
vesicular  stomatitus  (WS),  which  arc  forked  at?  50-55° 
in  tho  first  w  jks  and  months  after  reproduction.  The 
heterogeneity  of  tho  viral  population  is  based  on  tho 
described  phenomenon.  Tho  tr  variant  of  Y33,  isolated 
from  the  initial  population,  was  characterised  by 
significant  AMpr=95.4  kilocalorie/ mole,  3.3. 

and4*In,.=26.02  kc/mole,  4'.'n|.=0.15  E.3.  At  52-56°,  the 
tr  variant  of  VF3  was  inactivated  in  contrast  to  tho 
initial  strain  by  tho  “nuclein"  typo  that  also  caused 
an  inactivation  dynamics  disturbance,  Tho  disappearance 
of  the  phenomenon  after  viral  incubation,  at  h 0  was  related 
to  a  lowered  3tabil  ey  l.r,  those  conditions  of  tho  tr  viral 
variant  and  to  its  >.  ■  -'dual  disappearance  frc.i  the  viral 
population 

Tho  dynamics  of  the  inactivation  of  viruses  are  praphically  prosentod 
by  ono  of  three  basic  forms  of  ourves  '  Tho  formation  of  any  form  of 

curves  is  caused  by  the  properties  of  the  viral  particles,  by  tho  presenco 
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or*  absence  of  a  wcibrano,  temperature,  hn\ln  •  *'hj.ch  f-  o  i.  act'/ 
carried  out,  tho  composition  of  tho  me  vn  ' 1  ot  >■’  "actors, 
ii-portant  ncnimt,  which  dotcraincs  the  course  of  tV  process  o 
infectious  activity  of  viruses  during  the  .influence  of  tee  v.-’\'  or; 
tcnporaturcs,  is  tho  relation  of  the  "protein"  and  th<>  "nuclein"  t 
inactivation  n j. 


•  •r  i  O.ee 
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Rolyin*  on  tho  definition  of  the  basic  ther  lodyea-n  c  para --iters,  ;;o 
tried  to  discovor  tho  nochanisn  of  the  ori  -in  of  dynamic  .i  nactivation 
irregularities  of  tho  viral  infoctions,  developed  in  r.orins  of  instances 
at  50-55°.  Research  was  carried  out  on  several  .T-A-containi  np  viruses,  an  ' 
VT3I3  was  used  as  the  basic  roodol. 


i  uiTsiUAL  a::d  ;rt::od3 


"c  have  rivon  a  detailed  description  of  the 
The  viruses  woro  warned  accordin'-  to  the  usual  ; 
titration. 


-.a  tori  cl  an’  -.rtl.o's  earlier 
diio  ’t  C?  J  'dth  a  '-uie!: 


The  nature  of  the  irregularity  of  the  ’oi.-ao* -'.--T 

viruses.  During  the  thornal  inactivation  of  so  te  1 ’.’-contairin  ;  -dr  -scs, 
obtained  irregular  graphs  of  tho  dependence  of  tho  infectious  activity  of 
the  viruses  on  tho  warning  period  at  the  sane  tine  as  the  classical  curves 
of  inactivation.  In  fir;.  1,  a,  b,  c,  crannies  of  sucli  graphs  of  viral 
inactivation  of  VS2,  Sindbis  and  W3  aro  riven.  After  the  influence  of 
tonporaturo  for  30-^  rdn.,  in  tho  course  of  which  tho  activity  of  the 
viruses  foil  by  3-5  lc  from  tho  initial  lovol,  during  which  this  fall  went 


Fie.  !•  Eynanics  irregularity  of  ther  loinactivation  of  VI  ;  (a),  Jindbis  (b 
tand  W3  (c)f  [loro  and  in  figs,  2-H-,  6,  7:  abcissa — inactivation, 
tino  (in  min,);  ordinate—  mil  activity  in  l;  VIU/ul. 
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.locorr’anco  with  tho  usual  dynamics  of  t:ior  Kiin ■  c  u (/.io  , 
r-:-.ro«3ccl  plateau.  The  duration  of  Maintenance  of  IV  latter  varus  ‘.row 
CO  to  '0  *dn, ,  and  then  it  was  changed  with  a  period  of  rather  'pile.-: 
inactivation  of  tho  viruses. 

The  described  irregularity  of  the  dynamics  of  inactivation  for  the 
Jlndbis  and  VV3  viruses  was  observed  as  correct  with  a  warder:  to nporaturo 
o'  90-52°  and  for  VS 3  of  52-55°.  Such  a  feature  of  inactivation  v:as  obtained 
successfully  and  ronilarlv  in  tho  viruses  in  the  eours-  oT  the  first  ' 'eokp 
anl  aonths  aftor  reproduction.  Tho  quickest  irro  atlarity  disappeared  ’.:.ith 
l.b.e  wardn ;  of  tho  Wo.  In  fi,^.  2a  tho  eh  an  -o  of  tho  dyna  lies  of  inactivatior 
of  7J7  is  shown  in  relation  to  tho  porio*  of  its  bcinu  naint.nir.ccl  at  h°. 


75  2.  Eynanics  of  inactiva- 

tio">  of  YV3  in  r.odiun  I’o.  199 
with  ?.  albumin  sorun  at  50° 
used  for  testing  aftor  1  day 

(1) ,  after  1  crook  (2)  and 
after  2  crocks  (3)  after  tho 
reproduction  (a). 

'■■.caries  of  inactivation  of 
T.’Z  Icoatod  immediately  aftor 
reproduction  at  50°  iv>  medium 
"o*.  199,  cultivated  as  a  physi- 
olorioal  solution  (1)  and  a 
kayncsium  sulfato  solution 

(2) --b. 
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Tho  addition  of  12.5 '  napnosiun  sulfato  to  tho  heated  virus-containing 
fluid  (fip,  2b)  to  some  dopreo  chan pod  tho  dynamics  of  thorrcoinaotiv.ation, 
ar.d  tlco  ourvo  smoothed  out  somewhat. 


I’^fluonco  of  tho  formation  of  rlbonnclcaso,  '.it’s  the  airc  of  determinin'- 
tho  relationship  of  tho  irregular  plateau  of  tho  viral  activity  to  tho 
r.ibonucloas o ,  reined  tosts  ’processed  20  p/  cl  of  ribociucloaso  in  3b  cin. 
at  room  temperature.  "::peri:  icntal  and  control  tosts  were  titrated  im-.odiatolj 
after  tho  completion  of  processing.  Tho  rocults  of  tlio  oreporimont  aro  shown 
in  fiy,  3.  Tho  procossin"  of  the  ribonucloase  in  tho  dosoribod  conditions 
remove  tho  plateau  ovonthoueh  tho  infectious  litres  were  locrcrod  somewhat 
cr’aioh  roduood  tho  curves  of  inactivity  to  an  .immaterial  s-toothnoss. 

Isolation  of  the  thermostable  variant  of  VM  'Jo  assumed  that  tho 
phono:  lor.on  heinp  studiod  was  oonnootocl  with  the  heterogeneity  of  tho  viral 
population.  Thoroforo,  for  a  rioro  dotailod  study  of  its  composition,  an 
attempt  eras  under takon  to  isolate  tho  variants  of  VdE,  differing  according 
to  symptoms  of  thomorosistivity  (t).  "or  this,  tho  initial  virus  is  held 
at  S1'-0  and,  boyinninp  with  fK)  nin,  tosts  aro  soloctod  with  intervals  of  1C 
min,  to  tho  spaco  of  an  hour,  Tho  obtoinod  tosts  woro  bred  in  a  100  ti-.cs 
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solution  of  f.hcnks  and  passod  in  tho  culture  o'*  t 
chicken  embryos  and  dotomincd  tho  dynamics  of  tho 
viiimts  at  55°. 


-i  i  ^ 
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i  v. 0  ctsv.it- 
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7iy.  3*  "  lfluonco  of  processinr 

of  ?.”A  on  tho  V3S  activity,  wamod 
at  5!'°  for  sovcral  weeks  aft  or 
reproduction. 

1 —  inactivation  aftor  processing 

T1‘, 

t  <Tu  t»n  *  •« ,  i  i  1 

2 —  inactivation  ’.riLthout  processing 
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Fir;,  4,  EynaiAcs  o_?  inactivation 

at  55°  tr-(l)  and  t^-(2)  of  the 
variants  of  V3s. 


’.Jo  wore  ablo  to  obtain  tho  tr- variant  of  Vlf!  (strain  Vbb-fO) ,  which  is 
distinctive  from  tho  initial  tJ -variant  significantly  by  a  higher  stability 
to  warming  at  55°.  In  fi/»,  4,  tho  dynamics  of  th«  inactivation  of  tho  t3 
and  tr  variants  of  VSF  duriny  waminy  in  medium  ho.  1°°  -,dth  /.  ■  alb-vain 
scrum  at  55°  are  0)1  own.  \Tion  tho  titros  of  the  initial  virus  foil  to  1  1-- 
for  10  ran,  tho  activity  of  V23-80  foil  to  1  1-  for  30-35  win. 


Ootcriination  of  enthalpy  and  entropy  of  the  activation  o"  tho 
inactivation  process  of  T'.f-fO.  Tho  determination  of  tho  dynamics  of  tho 
inactivation  of  tho  infectious  activity  of  V.':’,T-''0  burin  •  various  to -ncraturec 
from  tho  last  calculation  of  the  constant  of  one  spoob  0”  inactivatio--.. 
tho  basis  of  recoivod  information,  an  Arrhenius'  dependence  was  constructed 
of  tho  loyarithirn  of  tho  constant  of  tho  snood  of  inactivation  or,  tho  inverse 
of  tho  absoluto  tenporatm  1  (fiy,  5) ,  and  tho  si  .nificancc  of  tho  thcr  .0- 
dynanioal  charactoristics  of  tho  proaoss  woro  doterdnod.  Analogous  to  the 


,4. 


results  received  for  the  original  t3- variant  of  VFh,  the  duai-eo-’  >onert 
-ranh  nroved  the  existonce  of  various  mcch.anis -.s  of  viral  inactivation, 
the  "protein"  typo  of  inactivation  is  character.!  mud  hv  si  ;  fic.art 
£  '-f'i.  h  kcal/mole  anrtd'J=  219.  h  h.  C.  A  s  loother,  lev- to  -.poratur'-  portion 
of  the  ~raph  ("nucloin  typo")  was  describe:!  by  si  •yd  f leant  d.  92  kcai/molc 

and  4.3=2.15  l.”.  Fit.  5  demonstrates  a  .marked  removal  of  the  broa::.ln  ;  point 
of  hiqh  and  low  to nnoraturo  components  of  the  <-ranh  o'  Arrhenius*  dependence 
deter  lined  for  virus  YS3-80  in  comparison  with  the  ori  *i:i.xl  strain.  Tl  c  slop: 
of  the  steep  and  smooth  parts  of  the  rra ph  are  similar  for  both  studied 
variants  of  tho  virus,  but  their  mutual  'distribution  is  essentially  changed, 
h’lth  a  slope  creator  than  45°,  tho  speed  of  inactivation  of  the  tr-variar.t 
is  lowered  even  ’iore  in  comparison  with  tho  tsvarin:it,  and  at  55-5  S°  Yhi-hO 
is  inactivated  5-10  timos  slower  than  tho  ts-variant.  lolow  yd0,  the  speed 
of  inactivation  of  tho  tr-variant  is  greater,  and,  consequently,  in  theso 
conditions,  tho  original  ts  strain  of  V21  is  noro  stable. 


3,3  1}  3.* 

tooo/r 
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7i".  5.  Arrhenius1  dopondonce  of 
thornoinactivation  of  tho  tr  (1) 
and  t3  ( 2 )  variants  of  VSF. 
Abcissa— inverso  absolute  temper¬ 
ature  (”  1000); 

Ordinate — loparithin  of  the 

inactivation  constant. 


Fir%  6.  Inactivation  of  V23  in 
medium  ho.  199  id-th  2 '  albumin  sera: 
at  53°  after  2  (1),  5  (2)  and  7  (3) 
months  of  naintennneo  at  h-°. 


Influence  of  tho  duration  of  maintenance  at  on  the  they lor^sistanco 
of  the  ’'’•ft  A  V21  suspension  in  medium  ho.  199  with  2  albumin  se.ru;  was 
■.aintainod  at  k° ,  Tnrou  ;h  tho  dotor lined  intervals  of  time  tho  virus  was 
warned  to  53° »  and  tho  dynamics  of  tho  decrease  of  infectious  activity  was 
determined.  Tho  results  of  tho  oxporincntG ,  summarised  in  Fi;;.  6,  show  that 


-•-aint'' nance  at  4°  leads  not  only  to  a  yal.nl  ■b.orcn:w‘  iv  i 
injectivity  of  the  virus  out  also  chan  ;cs  the  sy.vi  -  ic'.  of  ; 

' f.th  an  incroasod  period  of  vaint-..  nance,  tl.o  threshold  ,c  . 
of  accelerated  inactivation  of  tho  virus,  role led  to  the  process  of 
devtatuiwlion  of  the  viral  albumins,  approach  the  be  ;innir-  of  the  ::: 
even  more. 


on f  i  ■"'I 
.a  i.ec ..  .vat 
of  the  ■  r : 


DI3CU.13TC:: 


Tho  dynamics  of  tho  inactivation  of  viruses  often  be 
o'  discussion  anon”:  supporters  of  tin  "  i^ohenica1 "  and  "vi 
of  tho  mechanics  of  its  formation,  Tho  first  ;>o  ni.  of  vie 
rolationsldp  to  the  kinotics  of  the  reactions  loadin';  to  t 
infectious  activity,  tho  socond  on  the  fact  of  various  the 
of  tho  eoaponents  of  viral  populations  £~rjJ* 


co  :os  the  object 
tail  site-’  if  eo  ’ics 
v  is  base  1  on  the 
ho  loss  of 
r  -.osensitiv'  ties 


On  principle,  three  different  for ’s  of  the  !  n:a  lies  o'  vi: 
inactivity  are  treated.  An  uninterrupted  linear  r.ct  '*r.’ ty,  co- 
to  a  reaction  of  the  first  order,  proves  the  ovistonca  o f_*»  s'm 
of  infectious  loss  for  virusos  inactivate",  by  l‘>is  t; -  ~  ’•  [ . 

Junl-cc  ipor.ont  curves  of  viral,  thermoirac tivi ly  are  describe  *. 
most  often  .not  is  the  one  by  which  the  initial,  ace  A or at. 

of  viral  inactivation  is  changed  by  a  period  of  slow,  -ra  "u-.l  dec r 
ir.fectivity,  Tho  nost  rarely  determined  is  the  inverse  variant  vri. 

n  r.-  - 


o  ,<;c 
Vo  i  ' 


jo  o: 

:  'hi  eh 


c  ~  n  - 


the  curve  has  a  bepinninp  period  of  induction  and  a  period  ;.ol 
acceleratod  inactivation.  VEE/~ qJ  is  activated  according  to  til's  type. 


Tho  dynamics  of  inactivation  at  50°,  described  by  us  abovo,  was 
characterized  by  two  periods:  an  initial  slow  one— "nuclein";  and  a  later 
accelerated  ono — "protein". 


Tho  irropular  dynamics  of  tho  inactivation  of  several  f.f  A- containin'; 
viruses  boinp  studiod  was  rolated,  in  all  probability,  to  the  heterogeneity 
of  the  viral  population.  For  VV3,  tho  possibility  of  the  formation  of 
a  ; 'rotates  alone  3-12  viral  particles  was  observed  which  eo  ild  have  dissociated 
durinr;  warming  £4_J,  Howovor,  at  50°  the  disapprobation  could  have  boon 
carried  out  significantly  earlior  than  the  irrepular  plateau  was. 


’-Jo  can  not  complevoly  deny  the  role  of  apprepato  reaction  in  who 
formation  of  tho  roses  vched  phenomenon  oventhou'h  a  special  series  of  tests 
did  not  substantiate  its  existence  durinp  the  formation  of  the  irre -olarity , 
The  disappearance  of  the  irropularity  after- maintainin'*  the  virusos  at  ':° 
also  speaks  apainst  the  influence  of  a.p, pregate  reaction. 


The  experiments  with  the  treatment  of  warnin'-  virns-containir. ;  suspen¬ 
sions  of  ribonuclease  oli-iinatos  the  possibility  of  the  formation  of  a  plate: 
on  tho  curve  of  the  inactivation  of  V33  wit’:  the  result  of  a  warm  undrossin  ; 
of  tho  Rif  A  virus  [_  6_J ,  At  the  same  timo,  tho  co  iparir.on  of  tho  thermo¬ 
dynamic  characteristios  of  tho  two  dictinpuished  accordin';  to 
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variants  of  VEE  alio;:  us  to  explain  rather  satisfactorily  the  properties  of 
the  phenomenon  obtained. 

Actually,  as  it  follows  from  the  determination  of  enthalpy  ar.1  entropy 
of  the  activation  for  V23-00,  the  resistance  of  its  albunins  to  a  war;  denature 
iration  is  higher  and  noticoably  reduced  to  the  action  of  a  lower  tc  rpc nature. 
7ho  irre 'Hilarity  of  tho  dynarucs  of  thermoinactivation  is  forced  only  in  the 
Units  of  temperatures  when  it  is  possible  to  notice  a  narked  separation  of 
the  speed  of  inactivation  for  dn"  tho  viral  population  of  tho  viral  variants 
differin'’  according  to  temporatr.ro.  For  example,  for  YEE  both  variants  lower 
than  50-5?.°  arc  inactivated  by  tho  "nucloin"  typo  and  higher  than  r;  '-57°  by 
"protein."  h’ithin  the  lirdts  of  52-5/>°.  variant  tG  is  inactivated  as  a  rosult 


of  albumin  donaturation  sinco  variant  t 
infoctivity  by  the  "nuclein"  typo. 


ovon  still  continues  to  lose  its 


Soso  snoothir.fr  of  the  curvo  ;dth  tho  adulation  of  12.5  ’  maniesiui  sulphate, 
arising  because  of  tho  stabilisation  of  tho  nain  stapes  of  inactivation,  support 
tho  su”ested  proposition  if  it  takes  into  account  that  the  ’•.aynosiun  sulphate 
stabilises  just  tho  "protein"  typo  of  viral  inactivation. 

Comparison  of  tho  constants  of  speed  of  inactivation  of  the  tr  and  tc 
variants  of  VEE  with  tho  to>iporaturo  of  naintorance  (4°)  show:;  tha.t  in  those 
conditions  a  pro-rcssivo  Liberation  of  the  population,  fro;  the  then  ;ostablo 
variant  cows  about.  Tlus  besides  the  acceleration  in  the  nreecss  of  s !;  v.vvo 
of  tho  iivluction  period  (fip.  6)  loads  finally  to  the  disappearance  of  tho 
phenenonon  of  who  irregularity  of  tho  dynamics  of  thomoinnctlvation,  procoodin,T 
noro  or  loss  quickly  relation  to  tho  nature  of  tho  viruses  and  composition 
of  tho  viral  population. 


Fip.  7.  Diapran  of  the  formation  and  disappearance  o?  the  irregularities 
of  tho  dynamics  of  VEE  thermoinactivation .  Inactivation  of 
viral  populations  before  tr  and  after  ts  is  held  at  b°. 

Fipurc  7  illustrates  the  mechanism  of  formation  of  the  irroyularity  or? 
tho  dynamics  of  inactivation.  Each  of  tho  variants  of  the  virus,  comprisin’ 
the  population,  is  inactivated  according  to  tho  characteristic  for  VEE  at 
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the  qivon  tenperaturo  of  warmin'*  tho  dual-- 1  iso  t.-'-.i,  so:-.!  ’  '  *  11 

a.'  a  previous  announcement.  '>ir.i:v;  stora  *o  a’;  If  e  or.  o’  in'm '  .1.1  or. 

of  otoii  variant  changes  independently  of  the  prlnol;  lo  •r^senf: :  .!■  "1  , 

for  which  the  tr  strain  dies  out  almost  10  times  quiche:*,  As  a  result,  f  e 

curve  of  inactivation  of  the  tr  variant,  for ’  in  t‘  a  h'-  -in  •  u-r.v.o '  ?.fbr.r 

re  generation  of  the  virus,  is  the  Irroqulnr  plateau  ••nr.'.n  •  nr  du  -  sir.ee  it 


A  decreased  thermostability  durirv*  stora*?  of  several  ofy-*  viruses  is 
noted  £" 3,  9j.  Tho  determination  of  the  Arrhenius  -Vpondonce  for  the  s f.v ~  ;s 
of  tho  foot-and-mouth  disease  virus  was  also  as.  Inverse  ';o-yiyVncc  between 
tho  "protein"  and  "nuclein  typos  of  inactivation  [~ 3_/.  Vhls  is  of  so  e 
practical  significance  during  the  determination  o"  the  time  of  like  of  tho 
viruses  of  tho  preparations  during  stora~e  and  indicates  the  noss.ibility  of 
a  lowered  resistance  of  the  material  obtained  from  tho  thermostable  strains. 

On  the  other  hand,  tho  possibility  of  a  spontaneous  relationship  in  the.  viral 
populations  of  tho  tr  and  ts  variants  of  the  virus  reap  dues  a  uor^  strict 
matching  of  conditions  of  thermoinactivation  which  must  be  oriented  for  tho 
period  of  life  of  tho  themoresistant  strains. 

Co-  arat.ivo  investigations  of  biolo  dcnl  pro'^rtims  o7  r.h.<-  two  [ir‘  an-' 
t1’ )  variants  of  YEM  v/oro  developed,  bv  us,  the  results  o?  w'.'.c":  :  'll 
expressed  specially.  It  is  also  appropriate  hero  to  halt  the  possible 
mechanisms  of  incrcasod  thermorcsistivity.  Besides  tho  existence  of  an 
inverse  dependence  between  tho  lovols  of  rosistivity  to  inactivation  aceorddn  • 
to  "nucloin"  and  "protein"  type,  tho  change  of  tho  sipni  ficanco  o1'  and 

A3nr  for  variant  tr  in  comparison  to  variant  ts  draws  attention,  hr  o'.  -  iy, 
for  ehe  denatvration  of  tho  albumin  molecules  of  tho  initial  viral  strain, 
a  pap  of  less  quantity  of  hydropen  bonds  i3  required  than  for  7 IE-20  J_  1C _/. 
Takin-  into  account  tho  role  in  tho  proco so  of  war/:  do>\atr.ration  c  f  the 
albumins  of  water  molecules  capablo  of  fordnq  hydro  pen  bonds  f  i  J,  it  is 
possiblo  to  introduce  a  higher  thormoreoistant  VIE  as  the  result  of  an  increase 
of  tho  limits  of  stabilization  of  the  particles  of  its  albumin  molecules  to  an 
inelastic  extension  under  tho  action  of  coulomb  repulsion  and  warm  oscillation 
as  a  result  of  tho  formation  of  addi tonal  inter-molecular  hydro-on  bonds, 
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